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Purpose: The purpose of study was to compare glycemic control using glycated hemoglobin levels (HbAic) in diabetic pa- 
tients with chronic generalized periodontitis (CGP) undergoing scaling and root planing (SRP) with and without systemic 
doxycycline. 

Methods: Fifty subjects with type 2 diabetes mellitus (T2DM) and CGP receiving antidiabetic therapy were selected for study. 
The selected subjects were randomly assigned to two groups (test group [TG] and control group [CG]) comprising 25 patients 
each. The TG received SRP followed by systemic doxycycline. The CG received treatment with SRP only. The periodontal pa- 
rameters were recorded at baseline (day zero), and every 1 month for 4 months and included probing depth, clinical attach- 
ment level, plaque index, gingival index, and HbAic level were recorded at baseline (day zero) and at the end of 4 months. 
Results: A statistically significant effect was demonstrated for the periodontal parameters for both the TG and CG. HbAic val- 
ues did not show a statistically significant difference in the treatment group as compared to the CG. 

Conclusions: The authors concluded that nonsurgical periodontal therapy improved glycemic control in patients with T2DM 
in both groups, but no statistical difference was observed with adjunctive systemic doxycycline therapy. A further study with a 
larger sample size is required. 
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INTRODUCTION 

Type 2 diabetes mellitus (T2DM) is a complex metabolic 
disease that can result in various complications in human 
subjects [1]. 

The prevalence of periodontal diseases in individuals with 
T2DM is significantly higher than in non-T2DM counterparts. 
A large body of literature addresses the interrelationship be- 
tween periodontal diseases and diabetes mellitus [2,3]. Peri- 



odontal disease has been noted to be the sixth complication 
of DM [4]. DM is also considered to be a risk factor for peri- 
odontitis, especially in subjects with poor glycemic control. 
Evidence-based literature lays emphasis on the effect of peri- 
odontal infections on diabetic complications and glycemic 
control, suggesting a two-way relationship between peri- 
odontitis and DM [5]. Studies have indicated a skewed glyce- 
mic control in DM patients with severe periodontitis [6]. 
It has been observed that scaling and root planing (SRP) has 
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positive effects on the glycemic control of subjects with 
T2DM [7]. However, other clinical trials have shown the exis- 
tence of infectious microbial agents, which are notorious for 
tissue invasion. These infectious microbial agents are persis- 
tent and are not eliminated from the tissue by SRP alone [8]. 
Thus, SRP in moderate to severe periodontal pockets and 
good oral hygiene in patients with T2DM may not be suffi- 
cient to promote optimal periodontal health or enhanced 
glycemic control [8,9]. The use of systemic antibiotics can be 
effective in decreasing the total count of bacteria in peri- 
odontal infection, with ensuing down-regulation of the in- 
flammatory mediators leading to an improvement of glyce- 
mic control inT2DM subjects. 

Administration of doxycycline and chemically modified 
tetracycline has salutary effects on the glycated hemoglobin 
level (HbAic) and periodontal parameters. These positive ef- 
fects may be attributed to their antibacterial and anticollage- 
nase properties [10]. 

The present study was undertaken in order to determine 
the efficacy of nonsurgical periodontal therapy (NSPT) with 
or without systemic doxycycline on the periodontal health 
and HbAic levels of patients with T2DM and chronic gener- 
alized periodontitis (CGP). 

MATERIALS AND METHODS 
Subjects 

This study was conducted in the Department of Periodon- 
tics, Tatyasaheb Kore Dental College and Research Centre, 
New Pargaon. Fifty subjects fulfilling the inclusion criteria 
were selected from the outpatient department of the Depart- 
ment of Periodontics. The study was reviewed and approved 
by the Institutional Review Board. 

Inclusion criteria 

• Male and female subjects, with age groups ranging from 
30 to 70 years 

• Subjects with T2DM and CGP receiving antidiabetic 
therapy 

• Subjects presenting with no evident, major diabetic com- 
plications 

• Subjects with no history of any systemic antibiotic ad- 
ministration within the previous 6 months 

• Subjects with no history of any periodontal treatment 6 
months prior to the study 

Exclusion criteria 

• Subjects with any systemic disease other than T2DM 

• Tobacco use in any form 

• Pregnant female subjects 



• Alcohol consumers 

The 50 subjects consisted of 34 males and 16 females, with- 
in the age range of 30 to 70 years. The test group (TG) con- 
sisted of 25 subjects, 16 males and 9 females, all of whom un- 
derwent full mouth SRP and antibiotic administration (doxy- 
cycline 100 mg once in day prescribed for 15 days). The con- 
trol group (CG) consisted of 25 subjects, 18 males and 7 fe- 
males, subjected only to full mouth SRP. 

To assess the effect of the periodontal treatment on glyce- 
mic control, no change in medication or diet was made for 
either of the groups during the study period. None of the 
groups received any additional guidance in managing their 
diabetic status. 

Periodontal treatment 

The periodontal examination and SRP was performed by a 
single surgeon. Periodontal measurements were recorded by 
a single examiner with the help of the University of North 
Carolina 15 probe. 

Data collection 

The periodontal parameters were recorded at baseline (day 
o) and at 1, 2, 3, and 4 months following the periodontal treat- 
ment in both of the groups. The parameters recorded were 
plaque index (PI) and gingival index (GI) around each tooth 
according to the criteria [11], probing depth (PD), gingival re- 
cession (GR), and clinical attachment level (CAL). Recordings 
were made from the buccal, lingual, and two interproximal 
surfaces of each tooth. 

For assessment of HbAic, a venous blood sample was taken 
from each patient and HbAic levels were recorded at day o 
and 4 months following the periodontal treatment in both 
TG and CG. HbAic level assessments were performed in a 
private laboratory. 

Statistical analysis 

Descriptive and inferential statistical analysis was carried 
out in the present study. Results of continuous measure- 
ments were presented as mean ± standard deviation (min- 
max) and results of categorical measurements were present- 
ed in as number (%). Significance was assessed at the 5% lev- 
el of significance. The following assumptions on data were 
made: 

1) Dependent variables should be normally distributed. 

2) Samples drawn from the population should be random. 

3) Cases of the samples should be independent. 

The Student's t-test (two tailed, independent) was used to 
find the significance of study parameters on a continuous 
scale between the two groups and intergroup analysis on 
metric parameters. Levene's test for homogeneity of variance 
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was performed to assess the homogeneity of variance and a 
Student's t-test (two tailed, dependent) was used to find the 
significance of study parameters on a continuous scale with- 
in each group. A chi-squared test was used to find the signifi- 
cance of study parameters on a categorical scale between two 
or more 'groups' Pearson correlation was found between 
HbAic and clinical variables. 

All of the calculations were performed using statistical soft- 
ware, namely SAS ver. 9.2 (SAS Institute Inc., Cary, NC, USA) 
and SPSS ver. 15.0 (SPSS Inc., Chicago, IL, USA). 

RESULTS 

A total of 50 subjects (34 males and 16 females) were includ- 
ed in the study. Only 42 subjects (31 males and 11 females) 
completed the study in adherence to the prescribed protocol. 
At baseline, the TG and CG had similar mean values for age 
and gender distribution. There was no statistically significant 



Table 1. Comparative evaluation of glycated hemoglobin levels 
(HbAic) in the test and control groups. 



HbA1c 


Baseline 


4 Months 


P-value 


Test group 


8.38 ±0.89 


7.00 ±0.76 


<0.001 a| 


Control group 


8.06+1.10 


7.11 ±0.99 


<0.001 a| 


P-value 


0.312 


0.710 





Values are presented as mean ± standard deviation. 
a| Strongly significant [P< 0.01). 




■ Baseline 
4 Months 



Test group Control group 

Figure 1. Comparative evaluation of glycated hemoglobin (HbAic) 
levels in the test and control groups. 



difference in HbAic levels between the two groups at base- 
line (P= 0.312). The TG showed a significant reduction in the 
HbAic (%) level from 8.38% ±0.89% to 7.00% ±0.76% after 4 
months and the CG showed a significant reduction from 
8.o6%±i.io% to 7.n%±0-99% after 4 months. Both the 
groups showed a statistically significant difference in HbAic 
(%) at 4 months (P< 0.001). However, there were no signifi- 
cant differences between the two groups (P= 0.710) after 4 
months, as shown in Table 1 and Fig. 1. 

Periodontal parameters 

Both the TG and CG showed significant improvement in 
periodontal parameters over the experimental period. The 
mean PD for the TG at baseline was 3.3610.35, which had 
fallen significantly by 1 and 2 months to 3.2810.39 and 3.121 
0.38, respectively, and after 3 months it was 3.1611.54, which 
was not statistically significant (P= 0.113). A further significant 
reduction in PD was seen after 4 months to 2.6710.32, which 
was statistically significant. The mean PD for the CG at base- 
line, 1, 2, 3, and 4 months was 3.3410.40, 3.0510.30, 2.9010.21, 
2.8510.20, and 2.8210.21, respectively, which was statistically 
significant (P< 0.001). The mean PD between the two groups 
showed a statistically significant difference at 4 months (P= 
0.076). These findings indicate that the TG (2.67 1 0.32) showed 
a greater reduction in PD than did the CG (2.8210.21) after 4 
months (Table 2, Fig. 2). The mean CAL for the TG at baseline 
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Baseline 1 Month 2 Months 3 Months 4 Months 

Figure 2. Comparative evaluation of probing depth (PD) in the test 
and control groups. 



Table 2. Comparative evaluation of probing depth (PD) in two groups of patients studied. 

Significance for baseline 

PD Baseline 1 Month 2 Months 3 Months 4 Months 

1 Month 2 Months 3 Months 4 Months 

Testgroup 3.36+0.35 3.28±0.39 3.12±0.38 3.16+1.54 2.67+0.32 <0.001 a| <0.001 a| 0.113 <0.001 a| 

Control group 3.34±0.40 3.05±0.30 2.90±0.21 2.85±0.20 2.82+0.21 <0.001 a| <0.001 a| <0.001 a| <0.001 a| 
P-value 0.849 0.049 b| 0.026 D| 0.365 0.076 c| 

Values are presented as mean±standard deviation. 

a| Strongly significant (P< 0.01 ). ""'Moderately significant (0.01 < P< 0.05). ^Suggestive significance (0.05 < P< 0.1 0). 
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Table 3. Comparative evaluation of clinical attachment level (CAL) in the test and control groups. 



CAL 


Baseline 


1 Month 


2 Months 


3 Months 


4 Months 




Significance for baseline 






1 Month 


2 Months 


3 Months 


4 Months 


Test group 


3.62 ±0.50 


3.47 ±0.63 


3.23 ±0.48 


2.96±0.45 


2.69 ±0.42 


<0.001 a| 


< 0.001 a| 


<0.001 a| 


<0.001 a| 


Control group 


3.46 ±0.56 


3.22 ±0.54 


3.08 ±0.54 


3.03+0.51 


2.99 ±0.49 


< 0.001 a| 


< 0.001 a| 


< 0.001 a) 


<0.001 a| 


P-value 


0.343 


0.174 


0.359 


0.649 


0.042 b| 











Values are presented as mean ± standard deviation. 

a| Strongly significant (P<0.01). "'Moderately significant (0.01 <P< 0.05). 
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Figure 3. Comparative evaluation of clinical attachment level (CAL) Figure 4. Comparative evaluation of the plaque index (PI) in the 



in the test and control groups. 



test and control groups. 



Table 4. Comparative evaluation of the plaque index (PI) in the test and control groups. 



PI 


Baseline 


1 Month 


2 Months 


3 Months 


4 Months - 




Significance for baseline 






1 Month 


2 Months 


3 Months 


4 Months 


Test group 


1.88 ±0.08 


1 .35+0.10 


1.12+0.08 


0.98±0.05 


0.91 ±0.05 


<0.001 a| 


<0.001 a| 


<0.001 a| 


<0.001 a| 


Control group 


1.91 ±0.13 


1.38+0.21 


1.11 ±0.16 


0.93 ±0.09 


0.87±0.07 


<0.001 a| 


< 0.001 a| 


< 0.001 a) 


<0.001 a| 


P-value 


0.347 


0.459 


0.729 


0.076 c| 


0.052"' 











Values are presented as mean ± standard deviation. 

a| Strongly significant (P< 0.01 ). "'Moderately significant (0.01 < P< 0.05). "'Suggestive significance (0.05< P<0.1 0). 



1, 2, 3, and 4 months was 3.62 ± 0.50, 3.47 ± 0.63, 3.23 ± 0.48, 2.96 ± 
0.45, and 2.6910.42, respectively, which was statistically sig- 
nificant (P< 0.001). 

The mean CAL for the CG at baseline, 1, 2, 3, and 4 months 
was 3.46 ± 0.56, 3.22 ± 0.54, 3.08 ± 0.54, 3.03 ± 0.51, and 2.99 ± 0.49, 
respectively, which was statistically significant (P< 0.001). On 
intergroup comparison between the TG and CG, there was a 
greater reduction in CAL in the TG (2.6910.42) than in the 
CG (2.9910.49), suggestive of a statistically significant differ- 
ence (P= 0.042) as shown in Table 3 and Fig. 3. The mean PI 
for the TG at baseline, 1, 2, 3, and 4 months was 1.88 ±0.08, 
1.35 ±0.10, 1.12 ±0.08, 0.9810.05, and 0.9110.05, respectively, 
which was statistically significant (P< 0.001). For the CG, the 
mean PI at baseline, 1, 2, 3, and 4 months was 1.9110.13, 1.381 
0.21, 1.1110.16, 0.9310.09, and 0.8710.07, respectively, which 
was statistically significant (P< 0.001). The PI showed a statis- 
tically significant difference between the two groups (P< 0.001) 



as shown in Table 4 and Fig. 4. The mean GI at baseline, 1, 2, 3, 
and 4 months for both of the groups is given in Table 5 and 
Fig. 5. The mean GI for the TG at baseline, 1, 2, 3, and 4 months 
was 1.92 1 0.06, 1.39 1 0.09, 1.16 1 0.08, 1.02 1 0.04, and 0.91 1 0.05, 
respectively, which was statistically significant (P< 0.001). The 
mean GI for the CG at baseline, 1, 2, 3, and 4 months was 
1.9010.08, 1.3810.18, 1.1210.12, 0.9710.10, and 0.8910.05, 
respectively, which was statistically significant (P< 0.001). 
However, the differences between the TG and CG were not 
statistically significant at any interval (P= 0.219) as shown in 
Table 5 and Fig. 5. 

DISCUSSION 

The inter-relationship between periodontitis and DM is 
strongly supported in the literature [12]. There is evidence 
that periodontal infection adversely affects glycemic control 
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Table 5. Comparative evaluation of gingival index (GI) in the test and control groups. 



Gl 


Baseline 


1 Month 


2 Months 


3 Months 


4 Months 




Significance for baseline 






1 Month 


2 Months 


3 Months 


4 Months 


Test group 


1.92 ±0.06 


1.39+0.09 


1 .16+0.08 


1.02 ±0.04 


0.91 ±0.05 


<0.001 a ' 


< 0.001 a| 


< 0.001 a| 


<0.001 a| 


Control group 


1.90 ±0.08 


1 .38+0.18 


1.12+0.12 


0.97+0.10 


0.89 ±0.05 


< 0.001 a ' 


< 0.001 a| 


<0.001 a| 


<0.001 a| 


P-value 


0.376 


0.858 


0.252 


0.063 h| 


0.219 











Values are presented as mean ± standard deviation. 

"'Strongly significant (P< 0.01 ). "'Suggestive significance (0.05< F<0.1 0). 




Test group 
Control group 



II 



Baseline 1 Month 2 Months 3 Months 4 Months 



Figure 5. Comparative evaluation of gingival index (GI) in the test 
and control groups. 



in DM [13,14]- The literature also describes a two-way rela- 
tionship between periodontal disease and DM [5]. Both DM 
and periodontitis are connected through a common mecha- 
nism involving an escalation in proinflammatory factors, 
such as cytokines and adipokines, and the existence of a 
compromised neutrophil function. Periodontitis and DM are 
reckoned to elicit a state of systemic inflammation, with both 
of the conditions coupled by a perturbed inflammatory and 
immune status [15,16]. Various studies have corroborated that 
intensive periodontal therapy may ameliorate periodontal 
parameters and improve glycemic control [1,17,18]. There is 
evidence to support the role of NSPT in the improvement of 
glycemic control [1,17,19]. However, contradictory opinions 
exist in the literature concerning the appropriate time for as- 
sessing the healing response to NSPT. Morrison et al. [20] 
and Lowenguth and Greenstein [21] proposed an evaluation 
period of 1 month. Badersten et al. [22] observed that signifi- 
cant changes in periodontal pocket depths of 4-7 mm are re- 
vealed in the first 4-5 months, whereas in deep periodontal 
pockets, gauging 12 mm, a gradual resolution takes place, 
spanning over a period of 12 months. In the present study, 
the majority of patients had a mean PD of around 3-5 mm, 
and the response was evaluated after 4 months. The assess- 
ment was performed every 1 month to evaluate the response 
to NSPT and oral hygiene maintenance. The monitored 
periodontal clinical parameters in the present study showed 



improvements after NSPT and are described below. 

On intragroup comparison of the PI and GI for the TG and 
CG, the results of this study showed a statistically significant 
difference from baseline to 4 months. On an intergroup 
comparison of TG and CG, the PI showed a statistically sig- 
nificant difference, whereas the GI did not show any statisti- 
cally significant difference. These results are in agreement 
with Promsudthi et al. [23], Kiran et al. [17], and O'Connell et 
al. [24]. 

On intragroup comparison, the mean PD in the TG and CG 
fell significantly from baseline to 4 months. On intergroup 
comparison between the TG and CG, the TG showed a great- 
er reduction in PD compared to the CG. Grossi et al. [25] and 
Promsudthi et al. [23] also observed similar results. In contra- 
diction to the present study, Iiambes et al. [26] observed no 
significant changes in the PD after 3 months. On intragroup 
comparison, within the TG and CG, the mean CAL showed a 
significant gain from baseline to 4 months. On inter-group 
comparison, there was a significantly greater gain in CAL in 
the TG as compared to CG. The present study is in agree- 
ment with Grossi et al. [25] and Promsudthi et al. [23], who re- 
ported a significant gain in CAL after 3 months. These results 
are suggestive of the optimal resolution of periodontal le- 
sions with healing in the TG receiving antimicrobials, when 
compared to the CG, treated with SRP alone [25]. However, 
some studies have reported conflicting results and failed to 
observe any significant gain in the CAL in the group receiv- 
ing SRP plus doxycycline and the group treated with SRP af- 
ter 3 months [24,26]. This significant reduction in PD and 
gain in CAL can be explained by the antimicrobial and addi- 
tional anticollagenase effects of doxycycline [25,27]. The ratio- 
nale for the selection of doxycycline as an adjunct to SRP is 
supported by the spectrum of the drug, its ability to achieve 
higher concentrations in the gingival crevicular fluid, and its 
host modulating effect. Doxycycline inhibits matrix metallo- 
proteinases, thus downregulating the host-mediated peri- 
odontal destruction [27,28]. 

Some studies have failed to detect an enhanced effect of 
doxycycline on the mean PD and CAL values [24,26,29]. The 
mean values of PD and CAL are refuted as ideal parameters, 
to assess the positive effects of doxycycline for the following 
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reasons: 

1) Shallow pockets are less likely to respond to NSPT, and 
the mean values will also be included in the recall visits. 

2) The inability of the antibiotics to be effective in deep 
pockets renders it necessary to check the effect of the an- 
tibiotic in deeper pockets separately. Deep pockets exhibit 
the most favorable change after beginning NSPT [30,31]. 
PD changes after therapy are more common in the sites 
with deep pockets. 

The hypothesis that glycemic control (HbAic) can be im- 
proved by the successful treatment of periodontitis associat- 
ed with systemic antibiotics as adjunctive therapy [19,25,29] 
was substantiated by the present study. In addition to im- 
provement in the periodontal parameters, there was a signif- 
icant reduction in HbAic levels. 

A decrease in the levels of HbAic and collagen degradation, 
following doxycycline or chemically modified tetracycline 
treatment, was illustrated in a diabetic rat model [10]. It has 
been proposed that tetracycline and its congeners inhibit the 
glycation of proteins in DM, acting by the anticollagenase 
property. Tetracycline and its congeners prevent the activa- 
tion of latent pro-MMP, de-escalate MMP expression, and 
counteract oxidative mechanisms responsible for periodon- 
tal tissue destruction [32,33]. This evidence has provided the 
basis for a therapeutic approach to controlling periodontal 
disease in individuals with DM using tetracycline and their 
derivatives [34]. In the present study, the authors did not ob- 
serve any adverse effects in the TG, and systemic doxycycline 
(100 mg/day for 15 days) was well tolerated by the subjects in 
the TG. These findings were similar to those of Llambes et al. 
[26] who used the same drug regimen. In the present study, 
we selected HbAic as a parameter for metabolic control in- 
stead of urine or plasma glucose because these parameters 
can show the level at a specific time of sampling but this val- 
ue can alter within a few minutes due to various factors in- 
cluding diet, physical activity, and medication. Unlike HbAic 
measurements, these parameters are not appropriate indica- 
tors for long term glycemic control. HbAic provides an esti- 
mate of the average glucose level over the 30 to 90 days pre- 
ceding the test and it does not account for short term fluctu- 
ations in plasma glucose levels [35]. Reduction in levels of 
HbAic in the TG and CG showed significant improvement 
from baseline to 4 months. However, on an intergroup com- 
parison between the TG and CG, there was no significant 
difference. Grossi et al. [25] noted a significant reduction in 
the HbAic level in the study group treated with doxycycline 
although this reduction was not significant after 3 months of 
evaluation. Similar results were found in the present study, 
as the reduction in the HbAic level in the TG and CG did not 
fall significantly on evaluation after 4 months. Doxycycline 



may act against periodontal bacteria, resulting in a favorable 
effect. However, these changes may be ineffectual after a 3 
months period, due to the diminution of the antimicrobial 
effect of the agent. The results of the present study are in ac- 
cordance to that reported by Promsudthi et al. [23], Jones et 
al. [36], and O'Connell et al. [24]. These authors failed to es- 
tablish a significant reduction in HbAic levels, when the TG 
(SRP+doxycycline) and CG (SRP only) were compared, after 3 
months. Contrary to the above mentioned studies, Llambes 
et al. [26] and Singh et al. [37] demonstrated a significant re- 
duction in HbAic levels in the TG (SRP+doxycycline) com- 
pared the CG (SRP only) at 3 months. The possible causes for 
the lack of significant differences in HbAic levels between 
the TG and CG have been discussed in light of scientific evi- 
dence such as the higher reduction in HbAic levels seen in 
patients with a higher initial level of HbAic [38], but in the 
present study, we did not use HbAic levels as part of the in- 
clusion criteria of this study. Treatment with systemic antibi- 
otics can yield notable results with regard to HbAic, since 
antibiotics may counteract systemic sources of infection or 
inflammation in addition to their local positive effects, ensu- 
ing in the decrease in HbAic. It is acknowledged that the 
HbAic level is affected by systemic inflammation, because 
there is an increase in the levels of inflammatory markers 
and mediators such as C-reactive protein, interleukin-6, plas- 
minogen activator inhibitor-i, and tumor necrosis factor-a. 
These factors may fortify insulin resistance and further in- 
crease HbAic levels [39,40]. In sum, given these possible 
causes, changes seen in HbAic may be less conspicuous after 
the 3 months evaluation period, owing to the reduction of 
the antimicrobial drug effect [25]. 

This study found a statistically significant association be- 
tween clinical improvement in the periodontal condition 
and improved metabolic control of diabetes in both the TG 
and CG. Moreover, on intergroup comparison between the 
TG and CG, adjunctive use of systemic doxycycline showed 
improvement in the CAL and PD, which was statistically sig- 
nificant, but the effect on the HbAic level was not statistically 
significant. The authors reiterate on the importance of the 
coherent efforts between oral health care professionals and 
general physicians/diabetologists for the systematic man- 
agement of subjects with DM and periodontitis. 
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